Cortical morphology is known to differ with age, as measured by cortical thickness, 13 fractal dimensionality, and gyrification. However, head motion during MRI scanning 14 has been shown to influence estimates of cortical thickness as well as increase with age. 15 Studies have also found task-related differences in head motion and relationships 16 between body-mass index (BMI) and head motion. Here I replicated these prior 17 findings, as well as several others, within a large, open-access dataset (Centre for 18 Ageing and Neuroscience, CamCAN). This is a larger dataset than these results have 19 been demonstrated previously, within a sample size of more than 600 adults across the 20 adult lifespan. While replicating prior findings is important, demonstrating these key 21 findings concurrently also provides an opportunity for additional related analyses:
1 Introduction 26 Head motion during the acquisition of magnetic resonance imaging (MRI) can lead to 27 artifacts when estimating brain activity and structure. With functional MRI (fMRI), 28 volumes are acquired relatively quickly-often every 1-3 seconds-allowing for the 29 2.3 Estimates of head motion 137 Head motion was estimated using two approaches: 138 (1) Measured as the frame-wise displacement using the three translational and 139 three rotational realignment parameters. Realignment parameters were included as 140 part of the preprocessed fMRI data (Taylor et al., 2017) , in the form of the rp_ * .txt 141 output generated by SPM realign procedure. Rotational displacements were converted 142 from degrees to millimeters by calculating the displacement on the surface of a sphere 143 with a radius of 50 mm (as in Power et al., 2012) . Frame-wise displacement was 144 substantially higher between volumes at the beginning of each scan run, so the first 145 five volumes were excluded. This is the same approach to estimating head motion that 
Model comparison approach 157
Effects of head motion on estimates of cortical morphology (thickness, fractal 158 dimensionality, and gyrification) were assessed using a hierarchical regression 159 procedure using MATLAB. Age was first input, followed by BMI (both with and 160 without age), followed by estimates of head motion from each fMRI scan and the 161 related interaction term with age. In total, eight models were examined, as listed in 162 Table1. Model fitness was assessed using both R 2 and ∆BIC.
163
Bayesian Information Criterion, BIC, is a model fitness index that includes a penalty based on the number of free parameters (Schwarz, 1978 during the fMRI scans is consistently larger in some individuals than others, 181 suggesting it similarly affected the structural scans more for some individuals than 182 others and appropriate to include as a predictor for the cortical morphology estimates. increased head motion correspond to events within the movie; in the first period the 193 boy is loading the real gun with bullets, the second, more prominent period is a 194 suspenseful scene where it appears that the boy may accidentally shoot someone.
195
Moreover, these events also correspond to fMRI differences in attentional control and Table 1 Variance explained and model fits of cortical measures by age, BMI, and head motion estimates.
Note that R 2 decreases after the inclusion of BMI as models 2 and 3 can only be calculated on a subset of participants (559 out of 640 participants) since height and weight information was not available for all participants.
Discussion

235
In the current study, I replicated several prior findings as well as tested for a few novel In addition to these replications, the new findings were:
255
(8) Head motion leads to nominally lower estimates of fractal dimensionality and 256 gyrification.
257
(9) Head motion estimated from the structural volume itself (i.e., average edge 258 strength [AES]) correlated with age, but not BMI.
259
(10) AES may be sensitive to gray/white matter contrast ratio (GWR).
260
(11) AES was only weakly related to fMRI-measured head motion.
261
(12) Global cortical morphology is not related to BMI. that participants be given movie-watching task during structural scans to reduce 266 movement during these longer volume acquisitions and improve scan quality.
267
Suggestions of potential systematic increases in head motion, however, suggest that 
